Abstract -Stereoselectively labeled samples of E-2an Z-[9-2H,3H]-chorismate have been synthesized from F-and z-[3-H, Hlphosphoen6l-pyruvate by the enzymes of the shikimate pathway. The position of the tritium label at the 9-position of chorismate has been determined, from which it is evident that in the reaction catalyzed by 3-phosphoshikimate 1-carboxyvinyltransferase, the addition step has the opposite stereochei9l course from the elimination step. These samples of [9-H, H]chorismate have been used to determine the stereochemical course of the reaction catalyzed by chorismate mutace. It is evident that the mutase proceeds via a transition state of chair-like geometry.
generalizations and posed challeigig questions on the nature of these1gross. For example, the use of the chiral [ H, H, Himethyl group and the chiral [ 0, 0, 0]-phospho group has demonstrated that whenever methyl or phospho transfers are mediated by enzymes, the reactions proceed via in-line associative paths that invert the configuration at carbon (or phosphorus) at each transfer. Such findings allow us more tightly to define the nature of the transition state for the catalyzed process, and usefully constrain our mechanistic postulates. In other areas, stereochemical investigations have generated interesting puzzles. For instance, why should enzymic aldol condensations seemingly always proceed with retention of configuration, yet the closely related Claisen condensations apparently always go with inversion? The reasons behind such evident stereochemical imperatives will surely, when we understand them, illuminate the larger question of why enzymes are such dramatically good catalysts.
In this paper, we focus on one stereochemical problem, that relates to the mechanism of chorismate mutase. This enzyme catalyzes the reaction shown in Fig. 1 The biosynthetic step in which the carboxyvinyl group of chorismate is attached to the shikimate moiety is catalyzed by the enzyme 3-phosphoshikimate 1-carboxyvinyltransferase [EC 2.5.1.19), and it had been suggested (Ref. 5 & 6) that this reaction involved the addition-elimination sequence illustrated in Fig 3. At first sight, therefore, even if a stereospecifically-labeled sample of [3-H] phosphoenolpyruvate were used in the transferase reaction (Fig. 3) , the transient formation of a freely rotating monodeuteromethyl group would result in the formation of equal amounts of the Z and F isomers of the product 5-(1-carboxyvinyl)-3-phosphoshikimate. All stereochemical information in the labeled substrate would have been lost during the formation of the product. Yet we had earlier shown that in the transferase reaction, there is a primary coo- Fig. 3 . The probable mechanism of the reaction catalyzed by 3-phosphoshikimate 1 -carboxyvinyltransferase.
kinetic hydrogen isotope effect in the elimination step (Fig. 3) , which has the result that a heavy hydrogen isotope2is3preferentially retained in the product (Ref. 5). If, therefore, doubly-labeled [3-H, Hlphosphoenolpyruvate were used as substrate, the product should retain much of this stereochemical information. Because deuterium is used as a stoichiometric label whereas tritium is present only at tracer levels, the stereochemical consequences are as shown in E and Z positions, whereas the tritium tracer will reside preferentially E or Z. 1Tow, we do not know the stereochemical course of the addition and elimination steps of Fig. 3 : if both these steps proceed with anti geometry (or if both are syn) then an E labeled phosphoenolpyruvate substrate will become a S labeled product, whereas if the addition and elimination steps have different geometries (one anti, one syn) an F substrate will become an E product. It is necessary, therefore, first to determine the stereochemical course of the addition-elimination sequence shown in Fig. 3 , in order to define the location of tritium in the 5-(1-carboxyvinyl)-3-phosphoshikimate product from which, by the 1 ,4-elimination of inorganic phosphate catalyzed by chorismate synthase, the stereoselectively-tritiated samples of chorismate are made. This analysis was performed as shown in Fig. 5 , which invovles i aromatization of the carbocyclic ring, ii the cis reduction of the carboxyvinyl group, iii isolation of the RS-lactic acid fragments by Birch reduction, iv enzymic removal of the S-lactate, and v determination of the configuration of the chiral methyl group (Ref. 6) in the remaining F-lactate. Since the configuration of the chiral methyl group is related to the configuration of the lactate at carbon-2 (because the reduction in ii, above, is cis), the finding of an S-methyl group requires that the original chorismate sample was S.
Bot S and F isomers of [3-2H,3Hlphosphoenolpyruvate were made from [1-3Hlglucose and [1-H]mannose, respectively, according to the method of Cohn et al. (7) . Each of these samples was used as substrate in the enzymic condensation wit 3-phosphoshikimate coo coo - temperature; c Birch reduction with Li/N, followed by mild acid; d removal of S-lactate using lactate dehydrogenase witic 3-acetylpyridine adenine dinucleotide, pH 9.5. The S-lactate was purified by ion-exchange chromatography and then subjected to Kuhn-Roth oxidation.
of F product from F substrate, and Z product from Z substrate. This demonstrates that the addition and elimination steps shown in Fig. 3 have opposite geometries; one is syn and the other is anti (see Fig. 6 ). the chiral methyl group of the lactate samples (Fig. 5) were close to those expected on the basis that some configurational integrity is lost in the transferase reaction [which loss can be estimated from the known isotope effect in this transformation (Ref. 5) ]. We now have samples of chorismate that contain a tritium label at carbon-9 which is predominantly either F or S. Deuterium and hydrogen are, for the reasons discussed earlier and illustrated in Fig. 4 , randomly distributed between the F and S positions, and a coo-I S acetate 2R,3S 2S,3R
